Module ---STUDY GUIDE COULOMB'S LAW AND THE ELECTRIC FIELD I NTRODUCTI ON
This module beqins the study of electricity. Not only is it true that we see nature's gigantic electrical show in thunderstorm displays with lightning, but the very functioning of our smallest cells depends on the balance of electrically charged ions, and their movement through cell membranes. On a larger scale than cell membranes, water-purification studies with large membranes show promise of "electrically" removing undesired ions or debris from water. The electronic air cleaner is yet another direct application of the material to come: a 7000-V potential difference between a thin wire and flat collecting plates ionizes the air, and the "flying" electrons attach themselves to dust particles, which are then pulled to the collecting plates by strong electrical forces. Since forces that hold atoms together are ultimately electrical, the study of electricity is the study of one of nature's truly grand designs.
Later in your study of physics you will see the design unfold further; charges whose position is constant produce electric fields, charges whose velo~ity is constant produce magnetic fields as well as electric fields, and charges that accelerate produce that special combination of electric and magnetic fields we know as electromagnetic radiation (radio waves, x rays, microwaves, etc.).
PREREQUISITES
Before you begin this module, you should be able to: After you have mastered the content of this module, you will be able to:
1. Conductors versus insulators -Make the distinction between insulators and conductors.
STUDY GUIDE: Coulomb's Law 2 2. Electric forces and fields -Calculate, for a group of point charges at rest, {a} the resultant force on one of the charges caused by all of the others, and/or (b) the total electric field at some point in space caused by all of the charges.
3. Particle motion in electric fields -Apply the definition of electric field to solve problems involving a charged particle ~n an electric field, where (a) the particle is at rest under the influence of additional forces, like gravity or tension, and/or (b) the particle moves in a constant electric field. These problems will require you to calculate any of the following quantities: force, acceleration, time, position, velocity, work, kinetic energy. For vector quantities you must be able to calculate components, magnitude, anrl direction. GENERAL COMMENTS
STUDY GUIDE: Coulomb's Law

Electric Field
The concept of the electric field is introduced in this module as a force per unit charge. In your text reading, you will find conductors mentioned as materials in which charges are free to move, whereas insulators are materials in which charges are not free to move. Let us now put these two statements together: When you establish an electric field in a conductor, the electrons (whi'ch are free to move) feel a force equal to their charge times the electric field and thus initially accelerate, and a current (movement of charge) gets started. If you establish an electric field in an insulator essentially no current flows, since the charges are basically not free to move in response to the field. (In an insulator, charges can move through distances like an atomic radius before they are stopped by forces within the atom. This movement in response to an electric field sets up "dipoles," about which you may learn in a later module.)
The results of this discussion are so important when using Gauss' law in connection with conductors that we have made it an objective in this module (Objective 1). You must keep in mind that if charges are moving in a conductor, they are responding to an electric field. If we find that the charges are at rest in a conductor, however, this means that there is zero electric field in that conductor.
Principle of Superposition
where F12 is the force on Q l due to Q 2 and F13 is the force on Q l due to Q3' From Coulomb's law, the force is
directed along the line between Q i and Q j . Therefore, F12 = (9.0 x 10 9 N m2/C2)(Q102/r~2)(;12/r12)'
where r 12 is the distance between 0 1 and 02 and ;12/r12 = r 12 is a "unit" vector (length = 1) that points along the line in the direction from 02 to Ql' In order to add F12 and F13 correctly, we may write
When we also do this for ~13 and add, Eq. (1) becomes 9 2 2 9 2 2 * _ (9.0 x 10 N m IC )01Q2 Y12 (9.0 x 10 N m IC )Q1Q3 X 13
r 12 12 r 13 13 
Electric Fields in Space
These remarks conclude your reading on the subject of the electric field ~~ this module. The main point to be made is that for a single charge or for a group sf charges, the electric field is not everywhere represented by a single number, or even one single vector. The magnitude and direction of the electric field depend on position. In Figure 1 , fields E l , [2' and E3 are all different in both 
1\
STUDY GUIDE: Coulomb's Law 6 magnitude and direction because the points 1, 2, and 3 are in different locations in space: the electric field E is a function of coordinates like x, y, and z it changes as x, y, and z change. This is again illustrated in Figure 2 for 6 points with respect to an assembly of 20 charges. The arrows are not rigorously correct, but they show what is going on generally: the electric field in the region between the lines of charge is fairly constant, and outside this region, the electric field is quite small. We often idealize this situation to say that the field between the "plates" is constant, and the field outside is zero. The point, however, is that even in the "ideal" situation, the electric field is a function of the coordinates: it depends on where you are located in space. Step 1: pick axes i and j. Let j be and 1 j at ql in the plane of the paper.
Step 2: sketch all forces (F l and F 2 ). This gives the signs of the components right away:
Step 3: = (9.0 x 10 9 N m 2 /C 2 )(2.50 x 10-12 C 2 ) = 9.0 x 10-4 N,
F1
(32 + 42) m2 F = (9.0 x 10 9 N m 2 /C 2 )(2.00 x 10-12 C 2 ) = 2 4 2 m 2
Step 4: add components to get the resultant:
-3 1.13xlO N. STUDY GUIDE: Coulomb's Law 8
Solution
Step 1: Choose axes as in Figure 5 .
Step 2: Sketch in all forces. This gives component signs.
A A A Ftotal = (F l cos 6 1 )i + (F l sin 6 1 )j -(F 2 cos 6 2 )i + (F 2 sin 6 2 )j
Step 3 C(2). Calculate E at point P in Figure 6 due to the -1.00-wC charge (a = 2.00 m, b = 3.00 m).
Step 1: Choose axes as in Figure 7 . The direction of E at P is the direction in which a positive charge would move if placed at P. The magnitude of E at P is (1/4nE O )[1 .00 uC/(distance)2] (which is the ratio of force FQ on a very small test charge q divided by q: E = Fq/q). Step 2: Sketch E as in Figure 7 and calculate E = +(E sin 8)i -(E cos 8)j.
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Step 3: Calculate the magnitude from E = (1/4TIE o )(q/r 2 ): E = (9.0 x 10 9 N m 2 /C 2 )(10-6 C)/(22 + 3 2 ) m 2 = 0.69 x 10 3 N/C.
Step 4: Calculate the result: 0(3). A stationary particle whose mass is 0.100 kg and whose charge is +0.300 C is suspended by a massless string under gravity in the presence of an electric field of magnitude 1.00 N/C as shown in Figure 8 . Calculate the angle 8. --------1 The sum of all forces must be zero for the particle at rest. First, we pick a coordinate system, taking +x to the right and +y upward, and draw a free-body diagram as in Figure 9 . Then we add up all the forces acting on the particle: Figure 10 shows an electron traveling with velocity 8.0 x 10 6 m/s in the x direction through a pair of deflecting plates 2.00 cm long. Assuming the electric field between the deflecting plates to be constant and equal to 9800 N/C in the +y direction, calculate (a) the time the electron spends between the deflecting plates; (b) the acceleration of the electron when between the plates; (c) The electron's y component of velocity when it emerges from the plates; (d) the angle between the electron's initial velocity and its velocity upon emerging; (e) the amount the electron is deflected in the y direction when it emerges, (f) Assuming the electron to enter the plates at x = 0, y = 0, find the equation for y(x). The charge on an electron is -1.60 x 10-19 C; the mass of an electron is 9.1 x 10- Note that the work done equals the change in KE.
E(3). The diagram in
Problems G(2). Calculate the total force on the -2.00-~C charge in Figure 12 (a = 3.00 m). H(2). Calculate the electric field at point P in Figure 13 (a = 1.00 m, b = 3.00 m, c = 2.00 m). Hint: follow the steps in the Solution to Problem A using E = q/4TIEOr2 (instead of F).
STUDY GUIDE: Cou1omb ' s Law 2. A 0.400-kg mass has a charge +0 and is supported vertically by a massless string, with a massless spring attached on which a 3.00-N force is exerted, as in Figure 16 . There is also a -5.0-~C charge, located as shown .. Find the charge Q.
3. What is the main difference between a conductor and a perfect insulator?
Figure 15 COULOMB'S LAW AND THE ELECTRIC FIELD
Name Tutor
OO-~C charge is at the center of a circular arc of radius R = 3.00 m in Figure 1 . The +3.00-~C and -2.00-~C charges are located on the arc, as shown. Calculate the force on the -1 .OO-~C charge.
--
2. An electron (q = -1.60 x 10-19 C) experiences a force of (+3.00 x 10-16i) N in a certiin region of space.
(a) Find E in this region.
(b) Assuming that E is constant, and that the electron's motion takes it through the origin and also through the point x = 5.0 m, y = 4.0 m, how much work is done on the electron by the electric field in passing between these points?
3. What is the main difference between a conductor and a perfect insulator? 2. Solution: ~Fx = 0 = (2.00 x 10-C)( 103 N/C) -T sin e = 0, ~Fy = 0 = T cos e _(10-3 kg)(9.8 m/s 2 ).
Thus tan e = 2.05 and e = 64°.
3. Solution: In a conductor, charges are free to move in response to an electric field; in a perfect insulator, charges are not free to move. The time for a y to take VOy to zero is I~I. 3. Solution: In a conductor charges are free to move in response to an electric field; in a perfect insulator, charges are not free to move.
